Steel rod impalements, mostly experienced by construction workers due to falls from heights, are known entities, but only some individuals unfortunately suffer spinal cord injury. The management of the spine involved injuries is challenging due to the lack of guidelines, various clinical presentations resulting from different trajectories, and high risk of infection. We report a case of steel rod impalement involving the spinal canal and review the literature to enhance the management strategies and to identify the risk factors for possible complications, particularly infection. A 37-year-old male construction worker presented to our emergency department due to falling onto a concrete reinforcing steel rod that penetrated through his perineum to the L4 vertebra. Examination revealed paralysis and sensory loss of the left foot. The rod was removed in the operating room (closed removal) under general anesthesia, followed by laparotomy. Rectal laceration was primarily repaired, and colostomy was performed. In a separate session, laminectomy was performed. At 3 months post-discharge, the patient was ambulatory with armrest based on the same motor examination performed on presentation This case is a good example of careful preoperative planning, multidisciplinary involvement, and appropriately sequenced interventions resulting in an acceptable outcome for an injury with high morbidity and mortality and demonstrates the feasibility and potential benefits of closed removal of the rod in an operating room just before laparotomy. The presence of an intestinal perforation increases the infection risk, but infections can still be prevented in this setting. Shorter time intervals between the incidence and surgery may reduce the infection rate.
INTRODUCTION
Steel rod impalements, mostly experienced by construction workers due to falls from heights, are known entities, but only a few patients unfortunately suffer spinal cord injury (SCI). The management of these injuries is challenging due to the lack of guidelines, various clinical presentations resulting from different trajectories, and high risk of infection. They are mostly "once-in-a-lifetime" cases even for the reasonably experienced trauma surgeons. In addition to their rarity, not knowing the management strategy beforehand is one of the major obstacles in achieving successful treatment outcomes in these emergent situations.
The actual incidence of spinal trauma due to steel rod impalement has not been reported. "Other penetrating wounds: stabbing, impalement, etc." accounts for only 0.3% of all SCIs, and steel rod impalements constitute only a part of these according to the National Spinal Cord Injury Database. [1] Here, we present the case of a concrete reinforcing steel rod penetrating through the perineum into the L4 vertebral body, which was successfully managed using a multidisciplinary approach, with planned diagnostic workup and sequenced surgical procedures. We further discuss the management strategies with a review of previous case reports owing to the lack of guidelines for this rare condition.
CASE REPORT
A 37-year-old male construction worker was admitted to our emergency department due to falling from the second floor onto a concrete reinforcing steel rod approximately 20 min before admission. On inspection, it was apparent that a steel rod had penetrated the skin through the perineum (Fig. 1) . He was conscious with a respiratory rate of 17 breaths/min, blood pressure of 136/92 mmHg, and heart rate of 96 bpm. There was no active external bleeding. His medical history was not significant, and physical examination was normal, except for paralysis of the dorsal and plantar flexor muscles and numbness of the left foot.
Multiplanar computed tomography (CT) of the lumbar spine revealed a foreign body penetrating through the perineum to the left posterosuperior margin of the L4 vertebral body (Fig.  2a-d) . The patient was transferred to the operating room following the administration of tetanus for prophylaxis and empirical antibiotics (vancomycin 1 g intravenous (iv) by slow infusion over 1 h + meropenem 2 g iv). In addition to the neurosurgeons, general and cardiovascular surgeons were also included in the operating team.
The rod was loose and was gently pulled out externally before the surgery in the operating room under general anesthesia. Skin laceration was sutured, and the patient was placed in the supine position for laparotomy, which was performed via median umbilical incision by a general surgeon. There was no major vascular injury, but there was an approximately 1 cm laceration on the anterior surface of the rectum. The rod damaged the sigmoid mesocolon and entered the spine through the anterior surface of the S1 vertebral body. Rectal laceration was primarily repaired, and colostomy was performed from the sigmoid colon to the abdominal wall. The patient was transferred to the intensive care unit post-surgery with a neurological examination finding similar to the preoperative state. New lumbar CT and lumbar magnetic resonance imaging (MRI) were ordered ( Fig. 3a-d) . The patient was again operated to remove the intracanalicular bony fragments 14 h after the incidence. He was placed in the prone position, and L5 laminectomy was performed. The bony fragments were ablated using an ultrasonic bone shaver (BoneScalpel; Misonix, NY, USA). On exploration, the anterior surface of the dura at the L4 and L5 vertebral levels was observed to have been lacerated longitudinally on the left side, and the cauda equina roots were also damaged at this level. A tissue sealant (Tisseel; Baxter, CA, USA) was used for repair, and an autogenic fat graft on the lesion was placed to prevent cerebrospinal fluid (CSF) leakage. The spine was stabilized by a transpedicular screw system ( Fig. 4a-b ). There was no significant motor function change after the surgery. On postoperative day 2, the urinary catheter was removed, and the patient did not report any urinary problems thereafter. His anal sphincter tonus was normal and could be constricted voluntarily. No sign of infection was seen on clinical and laboratory examinations; therefore, antibiotic treatment (vancomycin + meropenem) was terminated on day 14 after the incidence. The patient was discharged with paralysis of the dorsal and plantar flexor muscles of the left foot. At 3 months following the injury, he was ambulatory using an armrest based on the same motor examination as that performed on presentation, with no bowel and urinary incontinence.
DISCUSSION
Eight case reports involving nine patients with steel rod impalement injuries involving the spine were identified in an extensive review of the English literature on PubMed (Table 1) . We concluded that steel rod impalement injuries sparing the spine are not extremely rare, with different entrance sites, such as the oral cavity, [2] orbita, [3] nose, [4] cranium, [5] neck, [6] thorax, [7] abdomen, [8] hand, [9] rectum, [10] buttock, [11] and groin. [12] Most victims of steel rod impalement injuries are construction workers, and we believe that occupational safety specialists have to focus on this type of injury to decrease the incidence of this mostly preventable condition. No specific management guideline is currently available owing to the rarity of this injury type. Thus, we aimed to discuss the current management strategies, particularly the controversial ones, in a step-by-step approach.
Management in the Emergency Department and Radiographic Studies
A patient suspected with a steel rod impalement injury involving the spine must undergo complete trauma assessment upon arrival to rule out any serious-associated injuries. [13] After ensuring a patent airway and hemodynamic stability, radiographic studies must be performed to determine the trajectory of the rod, which is most likely embedded in the bony spine, as seen in the reviewed case reports. In case of trauma parallel to the axis of the spine, the hardness of the bony spine largely reduces the penetrating energy of the rod, thereby blocking its passage. However, perpendicular or oblique injuries may cross the bony spine. Only 3 (30%) of the 10 patients in our review experienced such trauma, and the rod's penetrating end exited the body only in one pediatric patient. [14] Multiplanar CT is ideal for assessing the trajectory of the rod, its associations with the viscera and major vessels, degree of spine involvement, bone fragments in the spinal canal, and hematomas, if any. CT angiography (CTA) may help to determine the vascular associations in case any vascular injury is suspected. Digital subtraction angiography can be an alternative to CTA. In our case, the conventional plain X-ray imaging was not used to save time, because it does not provide additional information to CT in this condition. However, it may be useful in cases in which there is difficulty in positioning the patient for CT due to the unavailability of rod scissors. Since rods are mostly ferromagnetic, MRI may cause heating or movement of the rod, which may exacerbate the neurological injury. 18-Fluorodeoxyglucose positron emission tomography/CT does not play any role in the initial management, but it can be useful in identifying spinal infection, which is likely after such injuries. [15] Ulus Travma Acil Cerrahi Derg, July 2019, Vol. 25, No. 4 1985 [17] Tokushige et al.
2000 [16] Schildhauer et al., 2005 [22] Wang et al. 2009 [21] Zhou et al. 2011 [18] Tan et al. 2012 [19] Infection is a major concern in this type of injury; it may even result in mortality as in the case presented by Tokushige et al. [16] Five (50%) patients in our review experienced infection after the initial surgery, and all the infected patients (100%) had intestinal (mostly rectal; 80%) perforations. [16] [17] [18] [19] [20] However, intestinal perforations do not always lead to infection, similar to our case or by Wang et al. [21] Three (30%) patients without any associated intestinal perforations did not experience any infection. [14, 16, 22] The time interval between the incidence and initial surgery was particularly reported in only four cases. Three of these patients with intervals of 2, 3, and 5 h developed an infection, but our patient who had an interval of <1 h did not. [16, 18, 19] Unfortunately, the use of statistical analyses was not suitable in this review to establish an association between the time interval and infection rates because of the small sample size. However, we hypothesized that shorter time intervals result in lower infection rates based on existing data.
Another factor that may affect the infection rate is the time interval between laparotomy and laminectomy. Three (75%) of the four patients who had simultaneous sessions of laparotomy and laminectomy developed postoperative infection, whereas two patients who had 13-hour and 3-day long intervals, respectively, between laparotomy and laminectomy did not. One patient developed an infection after laparotomy and was under antibiotic therapy for 2 months before laminectomy (Table 1) .
Tokushige et al. [16] advocated that if the rod first penetrates the intestine, and then the spine, it would result in an increased infection rate. Only two cases have been reported in the literature wherein the rod first penetrated the spine and then the intestine; one had a postoperative infection, [17] and the other showed full recovery without any infection.
[16] Therefore, it was not possible to verify this hypothesis.
In light of this evidence, the use of broad-spectrum antibiotics and tetanus prophylaxis on admission and in the postoperative period was recommended, similar to that reported in other studies, [23] particularly in the setting of intestinal perforation. The time interval between the incidence and surgery and laparotomy and laminectomy and order of spinal and intestinal penetration of the rod may affect the infection rates; however, further studies using larger case series are needed to verify these speculations.
To the best of our knowledge, no patient in the literature received high-dose steroid therapy for this injury type. 2013 [20] Ozaydın et al. 2018 [14] Our Case, 2018 Our patient did not receive any steroids, because their effectiveness in SCI remains controversial. [24] However, their use is weakly suggested in SCI as an option by a recent guideline. [25] Furthermore, the effects of steroids on the infection rate are also controversial with studies denoting both increased [26] and decreased [27] rates.
As stated in previous case reports, the embedded iron rod should not be removed at the incidence site or in the hospital by paramedics or emergency staff prior to the surgery, because it may create laceration in a major vessel wall, possibly causing major bleeding. [13, 16, 17] In addition, the removal of the rod at the incidence site may increase the infection rate. Two patients whose embedded rods were removed at the incidence site developed serious infections. [16, 18] On the other hand, closed removal prior to the surgery in the operation room setting under the guidance of a general or cardiovascular surgeon may be beneficial, as seen in our case. One certain benefit of this approach is patient positioning. The patient can be easily placed in the supine position following closed removal of the rod, thereby making it easy to perform laparotomy. However, whether closed removal affects the infection rates remains unclear. The removal of the rod before the surgery helped us prepare the surgical site more effectively and interrupt the connection of the external environment with the body during the surgery. Touching the unsterile rod during open removal using sterile instruments may spread the microorganisms present on the rod to uncontaminated sites. However, it is mandatory to evaluate the trajectory of the rod and its association with the major vessels to avoid major bleeding by unplugging a lacerated vessel for a closed removal. Having a cardiovascular surgeon in the team during closed removal is logical, given the risk of an unexpected bleeding. Our case is a good example of closed removal of the rod; however, this condition may not be applicable in all cases, and careful preoperative evaluation of the patient is mandatory for decision-making.
Spinal Canal Decompression
In our case, only a portion of the cauda equina roots at the affected level and side were damaged as a consequence of physical forces of the initial traumatic event. Unfortunately, the affected roots were completely damaged, possibly irreversibly, with the current management strategies. However, it is well-documented that undamaged or partially damaged roots may experience a cascade of secondary injury events (ischemia and expanded zone of neural tissue injury), which may result in newly developed neurological deficits. [28] The American Association of Neurological Surgeons and Congress of Neurological Surgeons guidelines recommend that surgical decompression within 24 h after SCI can be performed safely and is associated with an improved neurological outcome. [28] Therefore, laminectomy was performed, and the bony fragments were removed to minimize secondary damage and delayed complications. This delayed-onset injury may even occur years after the first impact, with the formation of reactive bone and soft tissue, thus increasing further compression. [29] Surgical exploration has the advantage of identifying and repairing dural tears and may prevent the formation of CSF fistulas, pseudomeningoceles, and intradural infections.
Conclusion
We believe that our case demonstrates a good example of careful preoperative planning, multidisciplinary approach, and appropriately sequenced interventions, resulting in an acceptable outcome in this injury type with high morbidity and mortality. It exceptionally demonstrated the feasibility and potential benefits of closed removal of the rod in the operating room just before laparotomy in selected patients. The presence of intestinal perforation increases the infection risk, but infections can still be prevented in this setting. Shorter time interval between the incidence and surgery may decrease the infection rates.
